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Description 
Methods for Corn Transformation 

Background of Invention 

[0001] This application claims priority to U.S. Provisional Applica- 
tion 60/474,589, filed 5/30/2004, herein incorporated by 
reference in its entirety. 

[0002] The present invention relates to the field of plant biotech- 
nology. More specifically, it concerns methods for incor- 
porating genetic components into a plant via genetic en- 
gineering techniques. In particular, provided herein are 
systems for genetically transforming corn. 

[0003] During the past decade, it has become possible to transfer 
genes from a wide range of organisms to crop plants by 
recombinant DNA technology. This advance has provided 
enormous opportunities to improve plant resistance to 
pests, disease and herbicides, and to modify biosynthetic 
processes to change the quality of plant products for 
food, feed and industrial uses. 

[0004] Agrobacterium-medlated transformation is one method for 
introducing a desired genetic element into a plant and is 



achieved through the use of a genetically engineered soil 
bacterium belonging to the genus Agrobacterium. Several 
Agrobacterium species mediate the transfer of a specific 
DNA known as "T-DNA" that can be genetically engi- 
neered to carry a desired piece of DNA into many plant 
species. The major events marking the process of T-DNA 
mediated pathogenesis are induction of virulence genes, 
processing and transfer of T-DNA. 
[0005] Agrobacterium-medlated genetic transformation of plants 
involves several steps. The first step, in which the virulent 
Agrobacterium and plant cells are first brought into contact 
with each other, is generally called "inoculation". Follow- 
ing the inoculation step, the Agrobacterium and plant cells/ 
tissues are usually grown together for a period of several 
hours to several days or more under conditions suitable 
for growth and T-DNA transfer. This step is termed "co- 
culture". Following co-culture and T-DNA delivery, the 
plant cells are often treated with bactericidal or bacterio- 
static agents to kill the Agrobacterium. If this is done in the 
absence of any selective agents to promote preferential 
growth of transgenic versus non-transgenic plant cells, 
then this is typically referred to as the "delay" step. If done 
in the presence of selective pressure favoring transgenic 



plant cells, then it is referred to as a "selection" step. 
When a "delay" is used, it is typically followed by one or 
more "selection" steps. Both the "delay" and "selection" 
steps typically include bactericidal or bacteriostatic agents 
to kill any remaining Agrobacterium cells because the 
growth of Agrobacterium cells is undesirable after the in- 
fection (inoculation and co-culture) process. 

[0006] Another widely used technique to genetically transform 
plants involves the use of microprojectile bombardment. 
In this process, a nucleic acid containing the desired ge- 
netic elements to be introduced into the plant is deposited 
on small metallic, e.g., gold or tungsten, particles, which 
are then delivered at a high velocity into the plant tissue 
or plant cells. Cells containing the desired genetic ele- 
ments are then placed in tissue culture and transformed 
cells selected through the use of one or more selection 
system that has been incorporated into the genetic ele- 
ments transformed into the plant. 

[0007] The major deficiencies in current plant transformation 

systems include but are not limited to the production effi- 
ciency of the system, and transformation variability due to 
genotype or species diversity and explant limitations. In 
particular, there is a continuing need in the field of plant 



biotechnology to provide more efficient transformation 
methods suitable for high capacity production of econom- 
ically important plants, particularly elite cultivars. 
Summary of Invention 

[0008] The present invention provides novel methods for the sta- 
ble and efficient transformation of cereal plants, particu- 
larly corn (maize or Zea mays) plants, under selection con- 
ditions that enable a rapid and efficient transformation 
process. 

[0009] | n one aspect, the present invention provides a method of 
transforming corn plants by introducing into trans- 
formable corn tissue via a biotechnological transformation 
process a nucleic acid sequence containing at least one 
genetic component containing a selectable marker nucleic 
acid that provides a means for selecting corn tissue con- 
taining the genetic component from those not containing 
the genetic component, and subjecting the transformed 
corn tissue to tissue culture media containing a selection 
agent corresponding to the selectable marker nucleic acid 
at an elevated temperature for a period of time sufficient 
to identify and select transformed plants (or tissue) con- 
taining the desired genetic component. 

[0010] still another aspect of the present invention relates to a 



method for transforming corn tissue with a genetic com- 
ponent containing at least one selectable marker nucleic 
acid and subjecting the transformed tissue to a tissue cul- 
ture media containing the corresponding selection agent 
for a period of not more than twenty-one days and identi- 
fying and selecting transformed corn tissue containing the 
desired genetic component for regeneration into a fertile, 
transgenic plant. 
[0011] | n a s ti|| further aspect of the present invention, the selec- 
tion step is conducted in a single tissue culture media 
vessel containing the selective agent, and the tissue sur- 
viving selection is immediately transferred to a regenera- 
tion media for development into fertile, transgenic maize 
plants. 

[0012] | n another aspect of the present invention, the trans- 
formable corn tissue is transformed via Agrobacterium-medi- 
ated transformation methods wherein the exposure of the 
corn tissue to the Agrobacterium is minimized, it is inoc- 
ulated by methods that limit its exposure to anerobiosis 
conditions during the Agrobacterium inoculation. Various 
means for minimizing exposure may be utilized including 
limiting the time of submersion in the Agrobacterium so- 
lution, inoculating with a small drop of Agrobacterium so- 



lution, and inoculating with filter paper saturated with the 
Agrobacterium solution. 

[0013] yet another aspect of the present invention relates to any 
seeds, or progeny including hybrid combinations of the 
transformed plants produced by the methods of the 
present invention. 

[0014] Further objects, advantages and aspects of the present in- 
vention will become apparent from the accompanying fig- 
ures and following description of the invention. 
Brief Description of Drawings 

[0015] Figure 1 is a plasmid map of pMON30113. 
[0016] Figure 2 is a plasmid map of pMON42071. 
[0017] Figure 3 is a plasmid map of pMON65324. 
Detailed Description 

[0018] The present invention is particularly directed to the trans- 
formation of any cereal plant, particularly corn lines. The 
present invention provides for a rapid and efficient pro- 
cess for obtaining transformed corn plants by reducing 
the time the transformable explants spend in the selection 
phase, which in this system is the callus induction phase, 
of a typical transformation process and by increasing the 



temperature during the selection phase. It has been dis- 
covered that placing the transformed corn explant on a 
tissue culture media containing a selective agent for a to- 
tal period of 2-4 weeks is sufficient to select for trans- 
formed plants and to obtain fertile transgenic plants 
therefrom. Moreover, the transformed explants may be 
placed in a single vessel containing the selection media 
for the entirety of the selection period with efficacious re- 
sults, thus eliminating the need for repeated subculturing 
and transfer of the explants to fresh media. In this 
method, it is often desirable to maintain selection pres- 
sure during the regeneration phase as well. 
[0019] it has further been discovered that the transformation ef- 
ficiency may be increased about twofold by maintaining 
the temperature during the selection phase, or at least a 
portion of the selection phase, at a temperature greater 
than 27°C, a typical corn tissue culture temperature. 
Preferably, the selection temperature is maintained be- 
tween about 28.5°C and about 35°C, more preferably the 
temperature is maintained between about 30°C and about 
34°C, and most preferably the temperature is maintained 
between about 30°C and about 32°C. This elevated tem- 
perature is maintained for a period of not more than three 



weeks and more preferably not more than two weeks dur- 
ing the selection phase. 
[0020] it has also been discovered that limiting the amount of 
submersion during Agrobacterium inoculation of the 
transformable explants increases the transformation fre- 
quency. The explants can be isolated directly into inocula- 
tion medium and then removed from the medium within 
20 minutes. Explants could also be isolated into co- 
culture medium and then spotted with luL of Agrobac- 
terium solution or contacted with filter paper saturated 
with Agrobacterium solution for 5 to 60 minutes. It is be- 
lieved that the anaerobiosis of being in solution is detri- 
mental to the explants. Thus limiting or eliminating the 
anaerobiosis increases the transformation efficiency. It 
has been observed that immersion in the inoculation 
medium for more than 60 minutes has a detrimental ef- 
fect on the explant. Thus eliminating the anaerobiosis by 
altering the manner or the time in which the Agrobac- 
terium contacts the explant increases the transformation 
efficiency. 

[0021] Cereal plants include monocotyledonous plants such as 

wheat, rice, barley, oats, sorghum, and maize. 
[0022] Transformation efficiency or transformation frequency is 



the percentage of transformants produced from the start- 
ing explants. The present invention is directed to methods 
that increase the number of transformants produced from 
a given number of explants. 
[0023] The present invention involves the delivery of a desired 

nucleic acid, a gene of interest, into the genome of a corn 
cell and the production of a fertile transgenic plant there- 
from. The method of delivery of the nucleic acid is not 
critical to the methods of this invention and known deliv- 
ery methods such as Agrobacterium- mediated delivery and 
microprojectile delivery methods may be used. Thus, in 
one aspect, the present invention encompasses the use of 
bacterial strains to introduce one or more genetic compo- 
nents into plants. Those of skill in the art would recognize 
the utility of Agrobacterium- mediated transformation 
methods. A number of wild-type and disarmed strains of 
Agrobacterium tumefaciens and Agrobacterium rhizogenes har- 
boring Ti or Ri plasmids can be used for gene transfer into 
plants. Preferably, the Agrobacterium hosts contain dis- 
armed Ti and Ri plasmids that do not contain the onco- 
genes that cause tumorigenesis or rhizogenesis, respect- 
fully, which are used as the vectors and contain the genes 
of interest that are subsequently introduced into plants. 



Preferred strains would include but are not limited to 
Agrobacterium tumefaciens strain C58, a nopaline-type strain 
that is used to mediate the transfer of DNA into a plant 
cell, octopine-type strains such as LBA4404or succi- 
namopine-type strains, e.g., EHA101 or EHA105. The use 
of these strains for plant transformation has been re- 
ported and the methods are familiar to those of skill in 
the art. 

[0024] with respect to microprojectile bombardment (U.S. Patent 
No. 5,550,318; U.S. Patent No. 5,538,880; U.S. Patent No. 
5,610,042; each of which is specifically incorporated 
herein by reference in its entirety), particles are coated 
with nucleic acids and delivered into cells by a propelling 
force. Exemplary particles include those comprised of 
tungsten, platinum, and preferably, gold. It is contem- 
plated that in some instances DNA precipitation onto 
metal particles would not be necessary for DNA delivery to 
a recipient cell using microprojectile bombardment. How- 
ever, it is contemplated that particles may contain DNA 
rather than be coated with DNA. Hence, it is proposed that 
DNA-coated particles may increase the level of DNA deliv- 
ery via particle bombardment but are not, in and of them- 
selves, necessary. 



[0025] For the bombardment, cells in suspension are concen- 
trated on filters or solid culture medium. Alternatively, 
immature embryos or other target cells may be arranged 
on solid culture medium. The cells to be bombarded are 
positioned at an appropriate distance below the micropro- 
jectile stopping plate. 

[0026] An illustrative embodiment of a method for delivering 

DNA into plant cells by acceleration is the Biolistics Parti- 
cle Delivery System (BioRad, Hercules, CA), which can be 
used to propel particles coated with DNA or cells through 
a screen, such as a stainless steel or Nytex screen, onto a 
filter surface covered with monocot plant cells cultured in 
suspension. The screen disperses the particles so that 
they are not delivered to the recipient cells in large aggre- 
gates. It is believed that a screen intervening between the 
projectile apparatus and the cells to be bombarded re- 
duces the size of projectiles aggregate and may con- 
tribute to a higher frequency of transformation by reduc- 
ing the damage inflicted on the recipient cells by projec- 
tiles that are too large. 

[0027] For microprojectile bombardment, one will attach (i.e., 
"coat") DNA to the microprojectiles such that it is deliv- 
ered to recipient cells in a form suitable for transforma- 



tion thereof. In this respect, at least some of the trans- 
forming DNA must be available to the target cell for 
transformation to occur, while at the same time during 
delivery the DNA must be attached to the microprojectile. 
Therefore, availability of the transforming DNA from the 
microprojectile may comprise the physical reversal of 
bonds between transforming DNA and the microprojectile 
following delivery of the microprojectile to the target cell. 
This need not be the case, however, as availability to a 
target cell may occur as a result of breakage of unbound 
segments of DNA or of other molecules that comprise the 
physical attachment to the microprojectile. Availability 
may further occur as a result of breakage of bonds be- 
tween the transforming DNA and other molecules, which 
are either directly or indirectly attached to the micropro- 
jectile. It further is contemplated that transformation of a 
target cell may occur by way of direct recombination be- 
tween the transforming DNA and the genomic DNA of the 
recipient cell. Therefore, as used herein, a "coated" micro- 
projectile will be one that is capable of being used to 
transform a target cell, in that the transforming DNA will 
be delivered to the target cell, yet will be accessible to the 
target cell such that transformation may occur. 



[0028] Any technique for coating microprojectiles that allows for 
delivery of transforming DNA to the target cells may be 
used. Methods for coating microprojectiles that have been 
demonstrated to work well with the current invention have 
been specifically disclosed herein. DNA may be bound to 
microprojectile particles using alternative techniques, 
however. For example, particles may be coated with 
streptavidin and DNA end-labeled with long chain thiol 
cleavable biotinylated nucleotide chains. The DNA adheres 
to the particles due to the streptavidin-biotin interaction 
but is released in the cell by reduction of the thiol linkage 
through reducing agents present in the cell. 

[0029] Alternatively, particles may be prepared by functionalizing 
the surface of a gold oxide particle, providing free amine 
groups. DNA, having a strong negative charge, binds to 
the functionalized particles. Furthermore, charged parti- 
cles may be deposited in controlled arrays on the surface 
of mylar flyer disks used in the PDS-1000 Biolistics de- 
vice, thereby facilitating controlled distribution of parti- 
cles delivered to target tissue. 

[0030] As disclosed above, it further is proposed that the con- 
centration of DNA used to coat microprojectiles may in- 
fluence the recovery of transformants containing a single 



copy of the transgene. For example, a lower concentration 
of DNA may not necessarily change the efficiency of the 
transformation but may instead increase the proportion of 
single copy insertion events. In this regard, approximately 
1 ng to 2000 ng of transforming DNA may be used per 
each 1.8 mg of starting microprojectiles. In other embodi- 
ments of the invention, approximately 2.5 ng to 1000 ng, 
2.5 ng to 750 ng, 2.5 ng to 500 ng, 2.5 ng to 250 ng, 2.5 
ng to 100 ng, or 2.5 ng to 50 ng of transforming DNA 
may be used per each 1.8 mg of starting microprojectiles. 
[0031] For microprojectile bombardment transformation in ac- 
cordance with the current invention, both physical and bi- 
ological parameters may be optimized. Physical factors 
are those that involve manipulating the DNA/ 
microprojectile precipitate or those that affect the flight 
and velocity of either the macro- or microprojectiles. Bio- 
logical factors include all steps involved in manipulation 
of cells before and immediately after bombardment, such 
as the osmotic adjustment of target cells to help alleviate 
the trauma associated with bombardment, the orientation 
of an immature embryo or other target tissue relative to 
the particle trajectory, and also the nature of the trans- 
forming DNA, such as linearized DNA or intact supercoiled 



plasmids. It is believed that pre-bombardment manipula- 
tions are especially important for successful transforma- 
tion of immature embryos. 

[0032] Accordingly, it is contemplated that one may wish to ad- 
just various of the bombardment parameters in small 
scale studies to fully optimize the conditions. One may 
particularly wish to adjust physical parameters such as 
DNA concentration, gap distance, flight distance, tissue 
distance, and helium pressure. It further is contemplated 
that the grade of helium may affect transformation effi- 
ciency. One also may optimize the trauma reduction fac- 
tors (TRFs) by modifying conditions that influence the 
physiological state of the recipient cells and that may 
therefore influence transformation and integration effi- 
ciencies. For example, the osmotic state, tissue hydration 
and the subculture stage or cell cycle of the recipient cells 
may be adjusted for optimum transformation. 

[0033] The present invention can be used with any transformable 
plant tissue, including cells. By transformable as used 
herein is meant a cell or tissue that is capable of further 
propagation to give rise to a plant. Those of skill in the art 
recognize that a number of plant cells or tissues are 
transformable in which after insertion of exogenous DNA 



and appropriate culture conditions the plant cells or tis- 
sues can form into a differentiated plant. Tissue suitable 
for these purposes can include but is not limited to imma- 
ture embryos, scutellar tissue, suspension cell cultures, 
immature inflorescence, shoot meristem, nodal explants, 
callus tissue, hypocotyl tissue, cotyledons, roots, and 
leaves. Preferably, immature embryos are used as the ex- 
plant of choice. 

[0034] | n an embodiment of the present invention, immature em- 
bryos (lEs) of corn are used as explants for Agrobacterium- 
mediated transformation. Corn ears are harvested ap- 
proximately 6-16 days after pollination and used as a 
source of immature embryos. The present invention thus 
encompasses the use of freshly isolated embryos as de- 
scribed. 

[0035] Any suitable plant culture medium can be used. Examples 
of suitable media would include but are not limited to MS- 
based media (Mursahige and Skoog, Physiol. Plant, 
15:473-497, 1962) or N6-based media(Chu et al., Scien- 
tia Sinica 18:659, 1975) supplemented with additional 
plant growth regulators including but not limited to aux- 
ins such as picloram (4-amino-3,5,6-trichloropicolinic 
acid), 2,4-D (2,4-dichlorophenoxyacetic acid) and 



dicamba (3,6-dichloroanisic acid), cytokinins such as BAP 
(6-benzylaminopurine ) and kinetin, and gibberellins. 
Other media additives can include but are not limited to 
amino acids, macroelements, iron, microelements, vita- 
mins and organics, carbohydrates, undefined media com- 
ponents such as casein hydrolysates, an appropriate 
gelling agent such as a form of agar, such as a low melt- 
ing point agarose or Gelrite if desired. Those of skill in the 
art are familiar with the variety of tissue culture media, 
which when supplemented appropriately, support plant 
tissue growth and development and are suitable for plant 
transformation and regeneration. These tissue culture 
media can either be purchased as a commercial prepara- 
tion, or custom prepared and modified. Examples of such 
media would include but are not limited to Murashige and 
Skoog (Mursahige and Skoog, Physiol. Plant, 15:473-497, 
1962) , N6 (Chu et al., Scientia Sinica 18:659, 1975), Lins- 
maier and Skoog (Linsmaier and Skoog, Physio. Plant., 18: 
100, 1965), Uchimiya and Murashige (Uchimiya and 
Murashige, Plant Physiol. 15:473, 1962), Gamborg's B5 
media (Gamborg et al., Exp. Cell Res., 50:151, 1968), D 
medium (Duncan et al., Planta, 165:322-332, 1985), Mc- 
Cown's Woody plant media (McCown and Lloyd, 



HortSciencel6:453, 1981), Nitsch and Nitsch (Nitsch and 
Nitsch, Science 163:85-87, 1969), and Schenk and Hilde- 
brandt (Schenk and Hildebrandt, Can. J. Bot. 50:199-204, 
1972) or derivations of these media supplemented ac- 
cordingly. Those of skill in the art are aware that media 
and media supplements such as nutrients and growth 
regulators for use in transformation and regeneration and 
other culture conditions such as light intensity during in- 
cubation, pH, and incubation temperatures that can be 
optimized for the particular variety of interest. 

[0036] Once the transformable plant tissue is isolated, the plant 
cells in the tissue are transformed, and independently 
transformed plant cells are selected. The independent 
transformants are referred to as transgenic events. 

[0037] Those of skill in the art are aware of the typical steps in 
the plant Agrobacterium- mediated transformation process. 
The Agrobacterium can be prepared either by inoculating a 
liquid such as Luria Burtani (LB) media directly from a 
glycerol stock or streaking the Agrobacterium onto a solidi- 
fied media from a glycerol stock, allowing the bacteria to 
grow under the appropriate selective conditions, generally 
from about 26°C - 30°C, or about 28°C, and taking a sin- 
gle colony or a small loop of Agrobacterium from the plate 



and inoculating a liquid culture medium containing the 
selective agents. Those of skill in the art are familiar with 
procedures for growth and suitable culture conditions for 
Agrobacterium as well as subsequent inoculation proce- 
dures. The density of the Agrobacterium culture used for 
inoculation and the ratio of Agrobacterium eel Is to explant 
can vary from one system to the next, and therefore opti- 
mization of these parameters for any transformation 
method is expected. 

[0038] Typically, an Agrobacterium culture is inoculated from a 
streaked plate or glycerol stock and is grown overnight 
and the bacterial cells are washed and resuspended in a 
culture medium suitable for inoculation of the explant. 
Suitable inoculation media for the present invention in- 
clude, but are not limited to VzMS PL or KzMS VI (Table 1). 

[0039] The next stage of the Agrobacterium mediated transfor- 
mation process is the inoculation. In this stage the ex- 
plants and Agrobacterium cell suspensions are mixed to- 
gether. In the present invention, immature embryos are 
isolated directly into the inoculation medium containing 
the Agrobacterium. Embryos are cultured in inoculation me- 
dia for less than 30 min. The inoculation is generally per- 
formed at a temperature of about 15° C to 30° C, or about 



23° C to 28° C. The inoculation can also be done by isolat- 
ing the immature embryos directly onto the co-culture 
medium (described below) and then spotting 1 uL of 
Agrobacterium solution onto the embryo or alternatively 
placing a piece of filter paper saturated in Agrobacterium 
solution over the top of the embryos for about 5 to 60 
minutes. The filter paper and any excess solution are then 
removed before co-culture. 
[0040] After inoculation, any excess Agrobacterium suspension can 
be removed and theAgrobacterium and target plant material 
are co-cultured. The co-culture refers to the time post- 
inoculation and prior to transfer to a delay or selection 
medium. Any number of plant tissue culture media can be 
used for the co-culture step. For the present invention a 
reduced salt media such as KMS-based co-culture media 
(Table 1) is used and the media lacks complex media ad- 
ditives including but not limited to undefined additives 
such as casein hydolysate, and B5 vitamins and organic 
additives. Plant tissues after inoculation with Agrobacterium 
can be cultured in a liquid media. More preferably, plant 
tissues after inoculation with Agrobacterium are cultured on 
a semi-solid culture medium solidified with a gelling 
agent such as agarose, or a low EEO agarose. The co- 



culture is typically performed for about one to three days 
or for less than 24 hours at a temperature of about 18°C 
to 30° C, or about 20°C to 25°C. The co-culture can be 
performed in the light or in light-limiting conditions. Usu- 
ally, the co-culture is performed in light-limiting condi- 
tions. By light-limiting conditions as used herein is meant 
any conditions that limit light during the co-culture pe- 
riod including but not limited to covering a culture dish 
containing the plant and Agrobacterium mixture with a 
cloth, foil, or placing the culture dishes in a black bag, or 
placing the cultured cells in a dark room. Lighting condi- 
tions can be optimized for each plant system as is known 
to those of skill in the art. 
[0041] After co-culture with Agrobacterium or after bombardment 
with the microprojectile, the explants can be placed di- 
rectly onto selective media. Previously, explants were sub- 
cultured onto selective media in successive steps or 
stages for 8 weeks or more. For example, the first selec- 
tive media could contain a low amount of selective agent, 
and the next sub-culture could contain a higher concen- 
tration of selective agent or vice versa. The explants could 
also be placed directly on a fixed concentration of selec- 
tive agent and then subcultured repeatedly to maximize 



selection. Alternatively, after co-culture with Agrobacterium 
or immediately after bombardment, the explants could be 
placed on media without the selective agent, or delay me- 
dia, followed by selection as above. All of these steps took 
a great deal of time, resulting in prolonged culture dura- 
tion. In the present invention, it has been discovered that 
selection of transformed corn cells can take place much 
faster than was previously believed. Explants (regardless 
of transformation method) are placed on selective media 
for from about 7 to about 42 days, or from about 7 to 
about 30 days, or from about 7 to about 21 days, or from 
about 7 to about 14 days. This limits the time in culture 
and eliminates several transfer steps, which makes the 
process more efficient. As previously noted, further im- 
provement in obtained by selecting under an elevated 
temperature. Thus, in at least one embodiment of the in- 
vention, transformed corn explants are placed on a selec- 
tion media at elevated temperature for a period of 2 
weeks and then maintained for a further 1-2 weeks in the 
same selection media and in the same vessel at a temper- 
ature of 27°C or below. 
[0042] Those of skill in the art are aware of the numerous modi- 
fications in selective regimes, media, and growth condi- 



tions that can be varied depending on the plant system 
and the selective agent. Typical selective agents include 
but are not limited to antibiotics such as geneticin (G418), 
kanamycin, paromomycin or other chemicals such as 
glyphosate or other herbicides. Additional appropriate 
media components can be added to the selection or delay 
medium to inhibit Agrobacterium growth. Such media com- 
ponents can include, but are not limited to, antibiotics 
such as carbenicillin or cefotaxime. The cultures are sub- 
sequently transferred to a media suitable for the recovery 
of transformed plantlets. Those of skill in the art are 
aware of the number of methods to recover transformed 
plants. A variety of media and transfer requirements can 
be implemented and optimized for each plant system for 
plant transformation and recovery of transgenic plants. 
Consequently, such media and culture conditions dis- 
closed in the present invention can be modified or substi- 
tuted with nutritionally equivalent components, or similar 
processes for selection and recovery of transgenic events, 
and still fall within the scope of the present invention. 
[0043] jo initiate a transformation process in accordance with 

the present invention, it is first necessary to select genetic 
components to be inserted into the plant tissue. Genetic 



components can include any nucleic acid that is intro- 
duced into a plant tissue using the method according to 
the invention. Genetic components can include non-plant 
DNA, plant DNA or synthetic DNA. 

[0044] | n a preferred embodiment, the genetic components are 
incorporated into a DNA composition such as a recombi- 
nant, double-stranded plasmid or vector molecule com- 
prising at least one or more of following types of genetic 
components: (a) a promoter that functions in plant cells to 
cause the production of an RNA sequence, (b) a structural 
DNA sequence that causes the production of an RNA se- 
quence that encodes a product of agronomic utility, and 
(c) a 3' non-translated DNA sequence that functions in 
plant cells to cause the addition of polyadenylated nu- 
cleotides to the 3' end of the RNA sequence. 

[0045] The vector may contain a number of genetic components 
to facilitate transformation of the plant tissue and regu- 
late expression of the desired gene(s). In one preferred 
embodiment, the genetic components are oriented so as 
to express a mRNA, that in one embodiment can be trans- 
lated into a protein. The expression of a plant structural 
coding sequence (a gene, cDNA, synthetic DNA, or other 
DNA) that exists in double-stranded form involves tran- 



scription of messenger RNA (mRNA) from one strand of 
the DNA by RNA polymerase enzyme and subsequent pro- 
cessing of the mRNA primary transcript inside the nu- 
cleus. This processing involves a 3' non-translated region 
that adds polyadenylated nucleotides to the 3' ends of the 
mRNA. 

[0046] Means for preparing plasmids or vectors containing the 
desired genetic components are well known in the art. 
Vectors typically consist of a number of genetic compo- 
nents, including but not limited to regulatory elements 
such as promoters, leaders, introns, and terminator se- 
quences. Regulatory elements are also referred to as cis- 
or trans-regulatory elements, depending on the proximity 
of the element to the sequences or gene(s) they control. 

[0047] Transcription of DNA into mRNA is regulated by a region 
of DNA usually referred to as the "promoter". The pro- 
moter region contains a sequence of bases that signals 
RNA polymerase to associate with the DNA and to initiate 
the transcription into mRNA using one of the DNA strands 
as a template to make a corresponding complementary 
strand of RNA. 

[0048] a number of promoters that are active in plant cells have 
been described in the literature. Such promoters would 



include but are not limited to the nopaline synthase (NOS) 
and octopine synthase (OCS) promoters that are carried 
on tumor- inducing plasmids of Agrobacterium tumefaciens, 
the caulimovirus promoters such as the cauliflower mosaic 
virus (CaMV) 19S and 35S promoters and the figwort mo- 
saic virus (FMV) 35S promoter, the enhanced CaMV35S 
promoter (e35S), the light-inducible promoter from the 
small subunit of ribulose bisphosphate carboxylase 
(ssRUBISCO, a very abundant plant polypeptide). All of 
these promoters have been used to create various types of 
DNA constructs that have been expressed in plants. 
[0049] Promoter hybrids can also be constructed to enhance 

transcriptional activity, or to combine desired transcrip- 
tional activity, inducibility and tissue specificity or devel- 
opmental specificity. Promoters that function in plants in- 
clude but are not limited to promoters that are inducible, 
viral, synthetic, constitutive, and temporally regulated, 
spatially regulated, and spatio-temporally regulated. 
Other promoters that are tissue-enhanced, tissue-spe- 
cific, or developmentally regulated are also known in the 
art and envisioned to have utility in the practice of this in- 
vention. As described below, it is preferred that the par- 
ticular promoter selected should be capable of causing 



sufficient expression to result in the production of an ef- 
fective amount of the gene product of interest. 

[0050] The promoters used in the DNA constructs (i.e., chimeric/ 
recombinant plant genes) of the present invention may be 
modified, if desired, to affect their control characteristics. 
Promoters can be derived by means of ligation with oper- 
ator regions, random or controlled mutagenesis, etc. Fur- 
thermore, the promoters may be altered to contain multi- 
ple "enhancer sequences" to assist in elevating gene ex- 
pression. Examples of such enhancer sequences have 
been reported by Kay et al. (Science, 236:1299, 1987). 

[0051] The mRNA produced by a DNA construct of the present 
invention may also contain a 5' non-translated leader se- 
quence. This sequence can be derived from the promoter 
selected to express the gene and can be specifically mod- 
ified so as to increase translation of the mRNA. The 5' 
non-translated regions can also be obtained from viral 
RNAs, from suitable eukaryotic genes, or from a synthetic 
gene sequence. Such "enhancer" sequences may be desir- 
able to increase or alter the translational efficiency of the 
resultant mRNA. The present invention is not limited to 
constructs wherein the non-translated region is derived 
from both the 5' non-translated sequence that accompa- 



nies the promoter sequence. Rather, the non-translated 
leader sequence can be derived from unrelated promoters 
or genes. Other genetic components that serve to enhance 
expression or affect transcription or translational of a 
gene are also envisioned as genetic components. The 3' 
non-translated region of the chimeric constructs should 
contain a transcriptional terminator, or an element having 
equivalent function, and a polyadenylation signal that 
functions in plants to cause the addition of polyadenylat- 
ednucleotides to the 3" end of the RNA. Examples of suit- 
able 3' regions are (1) the 3' transcribed, non-translated 
regions containing the polyadenylation signal of Agrobac- 
teriwn tumor-inducing (Ti) plasmid genes, such as the 
nopaline synthase (NOS) gene, and (2) plant genes such as 
the soybean storage protein genes and the small subunit 
of the ribulose-l,5-bisphosphate carboxylase 
(ssRUBISCO) gene. An example of a preferred 3' region is 
that from the ssRUBISCO E9 gene from pea (European 
Patent Application 385 962). 
[0052] Typically, DNA sequences located a few hundred base 

pairs downstream of the polyadenylation site serve to ter- 
minate transcription. The DNA sequences are referred to 
herein as transcription-termination regions. The regions 



are required for efficient polyadenylation of transcribed 
messenger RNA (mRNA) and are known as 3' non- 
translated regions. RNA polymerase transcribes a coding 
DNA sequence through a site where polyadenylation oc- 
curs. 

[0053] | n one embodiment, the vector contains a selectable, 
screenable, or scoreable marker gene. These genetic 
components are also referred to herein as functional ge- 
netic components, as they produce a product that serves a 
function in the identification of a transformed plant, or a 
product of agronomic utility. The DNA that serves as a se- 
lection device functions in a regenerable plant tissue to 
produce a compound that confers upon the transformed 
plant tissue resistance to an otherwise toxic compound 
when exposed to the compound in tissue culture media or 
in other media, including soil. Genes that may usefully be 
used as a selectable, screenable, or scorable marker in- 
clude but are not limited to CUS, green fluorescent protein 
(GFP), luciferase (LUX), antibiotics like kanamycin 
(Dekeyser et al., Plant Physiol., 90:217-223, 1989), and 
herbicides like glyphosate (EPSPS, Della-Cioppa et al., Bio/ 
Technology, 5:579-584, 1987), dalapon (deh), bromoxynil 
(bxn), sulfonyl herbicides (ALS, GST-II), bialaphos (bar), 



atrazine, (GST-Ill). Other selection devices can also be im- 
plemented including but not limited to tolerance to phos- 
phinothricin, bialaphos, and positive selection mecha- 
nisms Qoersbo et al., Mol. Breed., 4:111-117, 1998) 

[0054] The present invention can be used with any suitable plant 
transformation plasmid or vector containing a selectable 
or screenable marker and associated regulatory elements 
as described, along with one or more nucleic acids ex- 
pressed in a manner sufficient to confer a particular de- 
sirable trait. Examples of suitable structural genes of 
agronomic interest envisioned by the present invention 
would include but are not limited to genes for insect or 
pest tolerance, herbicide tolerance, genes for quality im- 
provements such as yield, nutritional enhancements, envi- 
ronmental or stress tolerances, or any desirable changes 
in plant physiology, growth, development, morphology or 
plant product(s). 

[0055] Alternatively, the DNA coding sequences can effect these 
phenotypes by encoding a non-translatable RNA molecule 
that causes the targeted inhibition of expression of an en- 
dogenous gene, for example via antisense- or cosuppres- 
sion-mediated mechanisms (see, for example, Bird et al., 
Biotech Gen. Engin. Rev., 9:207-227, 1991). The RNA 



could also be a catalytic RNA molecule (i.e., a ribozyme) 
engineered to cleave a desired endogenous mRNA product 
(see for example, Gibson and Shillitoe, Mol. Biotech. 
7:125-137, 1997). More particularly, for a description of 
anti-sense regulation of gene expression in plant cells see 
U.S. Patent 5,107,065 and for a description of RNAi gene 
suppression in plants by transcription of a dsRNA see U.S. 
Patent 6,506,559, U.S. Patent Application Publication No. 
2002/0168707 Al, and U.S. Patent Applications Serial No. 
09/423,143 (see WO 98/53083), 09/127,735 (see WO 
99/53050) and 09/084,942 (see WO 99/61631), all of 
which are incorporated herein by reference. Thus, any 
gene that produces a protein or mRNA that expresses a 
phenotype or morphology change of interest is useful for 
the practice of the present invention. 
[0056] Exemplary nucleic acids that may be introduced by the 
methods encompassed by the present invention include, 
for example, DNA sequences or genes from another 
species, or even genes or sequences that originate with or 
are present in the same species, but are incorporated into 
recipient cells by genetic engineering methods rather than 
classical reproduction or breeding techniques. However, 
the term exogenous is also intended to refer to genes that 



are not normally present in the cell being transformed, or 
perhaps simply not present in the form, structure, etc., as 
found in the transforming DNA segment or gene, or genes 
that are normally present yet that one desires, e.g., to 
have over-expressed. Thus, the term "exogenous" gene or 
DNA is intended to refer to any gene or DNA segment that 
is introduced into a recipient cell, regardless of whether a 
similar gene may already be present in such a cell. The 
type of DNA included in the exogenous DNA can include 
DNA that is already present in the plant cell, DNA from 
another plant, DNA from a different organism, or a DNA 
generated externally, such as a DNA sequence containing 
an antisense message of a gene, or a DNA sequence en- 
coding a synthetic or modified version of a gene. 

[0057] | n |jght of this disclosure, numerous other possible se- 
lectable and/or screenable marker genes, regulatory ele- 
ments, and other sequences of interest will be apparent to 
those of skill in the art. Therefore, the foregoing discus- 
sion is intended to be exemplary rather than exhaustive. 

[0058] After the construction of the plant transformation vector 
or construct, said nucleic acid molecule, prepared as a 
DNA composition invitro 

[0059] Those of skill in the art will appreciate the many advan- 



tages of the methods and compositions provided by the 
present invention. The following examples are included to 
demonstrate the preferred embodiments of the invention. 
It should be appreciated by those of skill in the art that 
the techniques disclosed in the examples that follow rep- 
resent techniques discovered by the inventors to function 
well in the practice of the invention, and thus can be con- 
sidered to constitute preferred modes for its practice. 
However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be 
made in the specific embodiments that are disclosed and 
still obtain a like or similar result without departing from 
the spirit and scope of the invention. 

[0060] EXAMPLES 
[° 061 ] EXAMPLE 1 

[0062] Bacterial Strains and Plasmids 

[0063] Agrobacterium tumefaciens strain ABI is harbored with the 
binary vectors pMON30113 (Figure 1), pMON42071 
(Figure 2), or pMON65324 (Figure 3). The T-DNA in 
pMON30113 contains a neomycin phosphotransferase II 
gene (npiM) as the selectable marker and a green fluores- 
cence protein gene (gfp) screenable marker, both driven 



by 35S promoter, respectively. pMON42071 has 2 T-DNA, 
with npt\\ driven by an e35S promoterand GUS genes by a 
rice actin promoter on one T-DNA and CP4 driven by a 
rice actin promoter and gfp genes by an e35S promoter on 
another. pMON65324 has CP4 and gfp genes each driven 
by an e35S promoter also on the T-DNA. 

[0064] EXAMPLE 2. 

[0065] Preparation of Agrobacterium 

[0066] Agrobacterium ABI containing a vector in glycerol stock is 
streaked out on solid LB medium supplemented with an- 
tibiotics kanamycin (50mg/L), spectinomycin (50 mg/L), 
streptomycin (50 mg/L) and chloramphenicol (25 mg/L) 
and incubated at 28°C for 2 days. Two days before 
Agrobacterium inoculation of the maize immature embryos, 
one colony or a small loop of Agrobacterium from the 
Agrobacterium plate is picked up and inoculated into 25 mL 
of liquid LB medium supplemented with 100 mg/L of 
spectinomycin and 50 mg/L of kanamycin in a 250-mL 
flask. The flask is placed on a shaker at approximately 
150 rpm and 26°C overnight. The Agrobacterium culture is 
then diluted (1 to 5) in the same liquid medium and put 
back on the shaker. Several hours later, one day before 



inoculation, the Agrobacterium cells are spun down at 3500 
rpm for 15 min. The bacterium cell pellet is re-suspended 
in induction broth with 200 uM of acetosyringone and 50 
mg/L spectinomycin and 25 mg/L kanamycin and the cell 
density was adjusted to 0.2 at O.D. . The bacterium cell 

1 J 660 

culture (50 ml_ in each 250-mL flask) is then put back on 
the shaker and grown overnight. On the morning of inoc- 
ulation day, the bacterium cells are spun down and 
washed with liquid 1/2MS VI medium (Table 1) supple- 
mented with 200 uM of acetosyringone. After one more 
spinning, the bacterium cell pellet is re-suspended in VMS 
PL medium (Table 1) with 200 uM of acetosyringone 
(Table 1) and the cell density was adjusted to 1.0 at O- D 660 
for inoculation. 

[0067] Reagents are commercially available and can be purchased 
from a number of suppliers (see, for example Sigma 
Chemical Co., St. Louis, MO). 

[0068] 



Table 1. Media used in this invention 1 . 



C ompotient 


^ MS VI 


« MS 
PL 


Co- 
culti.it' e 
medium 


Induction 
MS 


MSW5 0 


MS/6BA 


MSOD 


MS salts 


68.5 g/1 


6 8. 5 g/1 


^ g/1 


4 4 e/1 
g/i 


4 4^/1 
*t .t g/i 


^t.^t g/i 


4 4g/l 

-t-.^ g/i 




20 e/1 




20 s/1 

j£U g/1 


30 s/1 

JU g/1 


30 e/l 

J U g^ 1 


30 s/1 

-JU g/1 




M altose 














20 g/1 


Glue ose 


10 g/1 


36 g/1 


10 g/1 








10 g/1 


1- P fn1 1 n f 


1 15 mg/l 


1 15 mg/l 


115 mg/l 


1 36 p/1 

1 JU g/1 


1 38 ?/l 


1 36 p/1 

1 ._! U g/1 




C asamino Acids 








50 mg/l 


500 mg/l 


50 mg/l 




(~t 1 Trrifip 


2 m g/1 


2 in g/1 


2 mg/l 




2 m g/1 






1- A so ar a?ine 














150 ms/1 
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myo-Ino sitol 


100 mg/l 


1 00 mg/l 


100 mg/l 




1 00 mg/l 




1 00 m g/1 


Nicotinic Acid 


0.5 mg/l 


0.5 mg/l 


0.5 mg/l 


1 .3 mg/l 


0.5 mg/l 


1.3 mg/l 


1 .3 mg/l 


p-TTfH ririvifip' rT i 1 


0.5 mg/l 


0 .5 mg/l 


0.5 mg/l 


0.25 mg/l 


0 .5 mg/l 


0.25 mg/l 


0.25 mg/l 
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0.1 mg/l 


0.1 mg/l 


0.6 mg/l 


0.25 mg/l 


0 .6 mg/l 


0.25 mg/l 


0.25 mg/l 


C a P antotlienate 








0.25 mg/l 




0.25 mg/l 


0.25 mg/l 


2,4-D 






3 mg/l 


0.5 mg/l 


0.5 mg/l 






Picloram 








2.2 mg/l 








Silver Nitrate 






1.7 mg/l 


1.7mg/l 








BAP 












3.5 mg/l 





l . M edia V£ MSV I and x k MSPL were used as liquid. Co-culture medium was solidified with 5. 5 mg/l low 
EEO agarose. All other media were solidified with 7 g/1 Phytagar for NPTII selection and with3 g/1 
phytagel for glyphosate selection. 

[0069] EXAMPLE 3 

[0070] Explant preparation 

[0071] Several genotypes of corn were used in this study. Ears 
containing immature embryos are harvested approxi- 
mately 10 days after pollination and kept refrigerated at 
4°C until use (up to 5 days post-harvest). The preferred 
embryo size for this method of transformation is ~1. 0-2.0 
mm. This size is usually achieved 10 days after pollination 
inside the green house with the growth conditions of an 
average temperature of 87°F, day length of 14 hours with 
supplemental lighting supplied by GE 1000 Watt High 
Pressure Sodium lamps. 

[OO 72 ] EXAMPLE 4 



[0073] inoculation 

[0074] immature embryos are isolated from surface sterilized 

ears and directly dropped into the prepared Agrobacterium 
cell suspension in 1.5-mL microcentrifuge tube. The iso- 
lation lasts continuously for 15 min. The tube is then set 
aside for 5 min, which made the inoculation time for indi- 
vidual embryos from 5 to 20 min. After Agrobacterium cell 
suspension is removed using a fine tipped sterile transfer 
pipette, the immature embryos are transferred onto the 
co-culture medium (Table 1). The embryos are placed on 
the medium with the scutellum side facing up. The em- 
bryos are cultured in a dark incubator (23°C) for approxi- 
mately 24 h. 

[° 075 ] EXAMPLE 5 

[0076] Selection, regeneration and growth of transformants with 
paromomycin selection. 

[0077] After the co-cultivation, the embryos were transferred 

onto a modified MS medium (Induction MS, Table 1) sup- 
plemented with 500 mg/L carbenicillin and 50, 100, 150 
or 200 mg/L paromomycin in Petri dishes (100 mm x 25 
mm), 20 to 25 embryos per plate. The plates were kept in 
a dark culture room at 27°C for approximately 2 weeks. At 



the end of 2 weeks, each piece of callus cultures from in- 
dividual embryos was examined under a fluorescence 
stereomicroscope and the number of callus pieces with 
well-developed GFP-positive sectors were determined. All 
the callus pieces were then transferred individually onto 
the first regeneration medium, the same medium men- 
tioned above except 2,4-D and picloram were replaced by 
3.5 mg/L BAP (MS/BAP, Table 1) and the carbenicillin level 
was dropped to 250 mg/L. The cultures were moved to a 
culture room with 16-h light/8-h dark photoperiod and 
27°C. After 5-7 days, the callus pieces were transferred 
onto the second regeneration medium, a hormone-free 
MS-based medium (MSOD, Table 1) in Petri dishes 
(100mm x 25mm). In another 2 weeks, the callus pieces 
that had shoots regenerated or were still alive were trans- 
ferred onto the same hormone-free medium in Phytatrays 
for further growth. Regenerated plants (R0) when they 
reached to the top of Phytatrays and had one or more 
healthy roots were moved to soil in peat pots in a growth 
chamber. In 7 to 10 days, they were transplanted into 
12-in pots and moved to greenhouse with conditions for 
normal corn plant growth. The plants were either self- 
pollinated or crossed with wild-type plants. 



[0078] Seed set and transgene segregation in Rl generation: 

[0079] immature ears from some of the R0 plants were harvested 
at different times after pollination. The immature embryos 
from all or some of the kernels were isolated and cultured 
on MSOD medium supplemented with 200 mg/L paro- 
momycin. The embryos were examined under the fluores- 
cence microscope to determine the number of embryos 
with GFP expression. In approximately 7 to 10 days, the 
number of embryos germinated to seedlings was also de- 
termined. Other plants were grown to maturity and seeds 
were harvested from individual plants. 

[0080] Development of transformants: 

[0081] Almost all the embryos inoculated and co-cultured with 
Agrobacterium for one day showed excellent GFP gene 
transient expression, which was demonstrated by a great 
number of single-celled GFP-positive spots on each em- 
bryo. The embryos were transferred after one day co- 
culture onto the selective callus induction medium, a 
modified MS medium (Induction MS, Table 1) supple- 
mented with 500 mg/L carbenicillin and 50, 100, 150 or 
200 mg/L paromomycin. The cultures were examined pe- 
riodically for the development of GFP-positive sectors. It 



was observed that most of the CFP-positive spots result- 
ing from the transient expression disappeared within 3-4 
days. On the fourth or fifth day, small multiple-celled 
GFP-positive spots started to emerge on some of the em- 
bryos. Those spots gradually developed into GFP-positive 
sectors that were easily identified under the fluorescence 
microscope. Some of the embryos could form more than 
one GFP-positive sector. In two weeks, one fifth to one 
third of the callus pieces (one callus piece from one em- 
bryo) in different experiments showed well-developed 
GFP-positive sectors. Once the callus pieces were trans- 
ferred onto the regeneration medium, some of the GFP- 
positive sectors started to regenerate into shoots. Usually 
roots would not develop until they had been on the re- 
generation medium for at least 3 weeks, that is when they 
were already in Phytatrays. Some of the plantlets were big 
enough to be moved to soil after growing in Phytatrays for 
2 to 3 weeks (7 to 8 weeks after inoculation). It might take 
another 2 to 3 weeks to move all the plantlets to soil. Be- 
fore the plantlets were planted in soil, they were examined 
under the fluorescence microscope again. Based on all the 
transgenic events moved to soil in five experiments, ap- 
proximately 48% of the events had one GFP-positive plant, 



52% had 2 to 8 plants. 

[0082] Transformation frequency: 

[0083] one fifth to one third of inoculated embryos developed to 
callus pieces with GFP-positive sector(s) after being cul- 
tured on the callus induction medium with paromomycin. 
However, it appeared that majority of them were not able 
to regenerate to plants. Some of them regenerated into 
small shoots on the regeneration medium but did not 
grow further. That could be caused by low expression of 
the transgene or other unknown reasons. At the end, 2 to 
5% of transformation efficiencies were achieved based on 
the number events with GFP-positive plants moved to soil. 

[0084] Elimination of non-trans formed escapes: 

[0085] | n our experiments, it only took 7 to 10 weeks from inoc- 
ulation to R0 transgenic plants moved to soil. The reduc- 
tion of overall selection time could make it easier for non- 
transformed tissue to survive and eventually regenerate to 
plants if selection stringency is not properly modified, 
which was reflected in our early experiments. For exam- 
ple, in two experiments, 100 mg/L paromomycin was 
used at each stage of selection. The level of selection was 
apparently not high enough, because only 41 and 33%, 



respectively, of the plants survived the selection and 
moved to soil were GFP-positive. This high level of escape 
rate was not acceptable practically and also suggested 
that the selection stringency should be adjusted. Two ap- 
proaches were tested to eliminate the non-transformants: 
1) increased paromomycin level at each stage, but kept 
the same; 2) kept the paromomycin at 100 mg/L in early 
stages, but increased it to 200 mg/L at the last stage of 
selection (in Phytatrays). To test the first approach, three 
levels of paromomycin (100, 150 and 200 mg/L) were 
compared. The results showed in Table 2 suggested that 
as the paromomycin level in medium increased from 100 
to 150 to 200 mg/L, the proportion of GFP-positive plants 
also increased from 67% at 100 mg/L level to 75% at 150 
mg/L and to 83% at 200 mg/L. In Experiment 3370, all the 
tissue were selected on medium containing 100 mg/L 
paromomycin, but the paromomycin level was increased 
to 200 mg/L at the last stage of selection (in Phytatrays). 
Among the plants moved to soil in this experiment 72% 
were GFP-positive, which was much higher than in Experi- 
ments 3307 and 3324.These results suggest that the es- 
cape rate could be significantly reduced by increasing the 
selection stringency starting from beginning or at the last 



stage of selection, although more study is necessary to 
find an optimal selection regime. 



Table 2. Effect of selection stringency on escape rate. 



Exp -Treat # 


Selection regime* 




# plants to soil 






Total 


GFP+ 


GFP- 


3307 


P100 


61 


25 (41%) 


36 (59%) 


3324 


P100 


45 


15 (33%) 


30 (67%) 


3368-1 


P100 


6 


4 (67%) 


2 (33%) 


3368-2 


P150 


12 


9 (75%) 


3 (25%) 


3368-3 


P200 


30 


25 (83%) 


5 (17%) 


3370 


P100 ^P200 


25 


18 (72%) 


7 (28%) 



a. P100, P 1 JO and P200 meanlOO, 1 JO and 200 mg/L parom omycin, respectively. In all the experim ents 
atidtr eatments, the selection level was maintained the same from the callus induction to the last stage of 
regeneration except in Experiment 3370. In Experiment 33 70, the cultures were selected on medium 
containing 100 mg/L par om omycin until the last stage of regeneration (in Phytatr ays) inwhichthe 
paromomycin level was raised to 200 mg/L. 



[0087] Using this system, transformed RO plants were transferred 
to soil approximately two months after the explants were 
inoculated with Agrobacterium. Because the amount of tis- 
sue culture manipulation was significantly reduced, the 
time of production of high quality transgenic maize plants 
was reduced, and maize transformation was much less te- 
dious. It should also work for other explant materials be- 
sides immature embryos. 

[0088] EXAMPLE 6 

[0089] Selection, regeneration and growth of trans formants through NPTII 
selection 

[0090] immature embryos from a different corn line were inocu- 
lated and co-cultivated with Agrobacterium 



ABI::pMON30113 as described earlier. The embryos were 
then transferred onto a modified MS medium (MSW50, Ta- 
ble 1) supplemented with 100 or 200 mg/L paromomycin 
and 500 mg/L carbenicillin to inhibit Agrobacterium in Petri 
dishes (100 mm x 25 mm). The cultures were incubated in 
a dark culture room at 27°C for 2-3 weeks. All the callus 
pieces were then transferred individually onto the first re- 
generation medium (MS/6BA, Table 1) supplemented with 
the same levels of paromomycin. The cultures were grown 
on this medium and in a culture room with 16-h light/8-h 
dark photoperiod and 27°C for 5-7 days. They were then 
transferred onto the second regeneration medium (MSOD, 
Table 1) in Petri dishes (100 mm x 25 mm) for approxi- 
mately 2 weeks. All the callus pieces with regenerating 
shoots and living tissue were transferred onto the same 
medium contained in Phytatrays for shoots to grow fur- 
ther before being moved to soil. It took 2-4 weeks. The 
regeneration media (MS6BA and MSOD) were all supple- 
mented with 250 mg/L carbenicillin and 100 or 200 mg/L 
paromomycin. 
[009 1 ] Transformation frequency through NPTII selection: 

[0092] in 2 to 3 weeks, a number of callus pieces developed sec- 
tors expressing GFP. In two experiments, the number of 



callus pieces developed GFP-expressing sectors varied 
significantly. It was close to 24% in one experiment, and 
61.5% in another. Most of the sectors were apparently 
non-regenerable and only a small number of them regen- 
erated into small shoots. Eventually, similar to the first 
corn line, 2.4 and 3.3% of transformation efficiency were 
achieved in these two experiments, respectively. 

[0093] EXAMPLE 7 

[0094] Selection, regeneration and growth of trans formants through 
glyphosate selection 

[0095] Embryos inoculated and co-cultured with Agrobacterium 
ABI::pMON42071 or pMON65324 were selected on the 
callus induction medium (MSW50, Table 1) supplemented 
with 0.1 or 0.25 mM glyphosate and 500 mg/L carbeni- 
cillin for approximately 3 weeks. All the callus pieces de- 
veloped from individual embryos were regenerated the 
same way and under the same conditions as described in 
last section for the NPTII selection, except the MS6BA and 
MSOD media were supplemented with 250 mg/L carbeni- 
cillin and 0.1 or 0.25 mM glyphosate instead of paro- 
momycin. 

[0096] Transformation frequency through glyphosate selection: 



[0097] Five experiments were conducted with either 

ABI::pMON42071 or ABI::pMON65324. Inoculated imma- 
ture embryos were selected on the callus induction 
medium, MSW50 supplemented with 0.1 or 0.25 mM 
glyphosate for approximately 3 weeks. Almost all the em- 
bryos were able to develop some callus tissue, and they 
were all moved onto the regeneration medium supple- 
mented with 0.1 or 0.25 mM glyphosate for plant regen- 
eration and further selection. The transformation effi- 
ciency varied from experiment to experiment with a range 
from 0.5 to 3.1%. Unlike in the experiments with NPTII se- 
lection, all regenerated plants from the glyphosate selec- 
tion experiments were GFP-positive. 

[0098] EXAMPLE 8 

[0099] Selection temperature 

[0100] This example describes the use of increased incubation 
temperature during the selection process. The usual tem- 
perature is 27°C. Immature embryos were transformed as 
described above and selected with glyphosate as in Exam- 
ple 7, with the exception of the Induction MS containing 
4.4 g/L MS salts, 30 g/L sucrose, 1.38 g/L proline, 500 
mg/L casamino acids, 100 mg/L inositol, 0.5 mg/L nico- 



tinic acid, 0.5 mg/L pyridoxine, 0.6 mg/L thiamine, 0.5 
mg/L 2,4-D, 1.7 mg/L silver nitrate and 20 mg/L BAP. 
During the first two weeks of selection, temperatures of 
27°C, 30°C, 32°C and 34°C were compared. After two 
weeks, the temperature was reduced to 27°C for the final 
week of selection. There was also the addition of a rooting 
media (MSOD with 0.75 mg/L IBA and 0.5 mg/L NAA and 
0.1 mM glyphosate) during the final regeneration step. 
With an average of 5 experiments, 27°C gave a transfor- 
mation frequency of 3.6%, 30°C was 6.7%, 32°C was 6.9%, 
and 34°C was 8.4% (Table 3). The higher temperatures of 
32°C and 34°C gave an increased number of abnormal al- 
bino or striped events. The earlier transformation fre- 
quencies are for normal events. Experiments were also 
done that compared 27°C with 30°C. A direct comparison 
of the two temperatures during the same experiment had 
a transformation frequency of 3.4% for 27°C and 9.9% for 
30°C. Over a large number of transformations at 27°C, 
transformation frequency averaged 5.5%. At 30°C, trans- 
formation frequency averaged 15%. Overall, the increase 
in temperature during selection increased the transforma- 
tion frequency by about twofold. 
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Table 3. Effect of Callus Induction Temp, on TF of the CP4 Agro- mediated Tfn System 









# Normal 


# Albino or 








Trt. 




Events to 


Striped 


TF% 


TF% 


Exp. # 


Temp 


# Explants 


Soil 


Ev ents 


(all events) 


(normal events) 


4915 


27 C 


261 


19 


1 


7.7 


7.3 




30 C 


261 


29 


1 


1 1 .5 


1 1 .1 




32 C 


Hi -- '1 

261 


22 


U 


8.4 


| — 1 i 

8.4 




34 C 


259 


18 


2 


7.7 


6.9 


4921 


27 C 


350 


0 


0 


0.0 


0.0 




30 C 


348 


18 


1 


5.5 


5.2 




32 C 


337 


18 


1 


5.6 


5.3 




34 C 


344 


19 


1 


5.8 


5.5 


4922 


27 C 


220 


7 


0 


3.2 


3.2 




30 C 


220 


6 


0 


2.7 


2.7 




32 C 


220 


6 


1 


3.2 


2.7 




34 C 


220 


7 


2 


4.1 


3.2 


4929 


27 C 


369 


13 


0 


3.5 


3.5 




30 C 


369 


29 


4 


8.9 


7.9 




32 C 


369 


24 


2 


7.0 


6.5 




34 C 


369 


47 


5 


14.1 


12.7 


4931 


27 C 


344 


16 


1 


4.9 


4.7 




30 C 


347 


26 


1 


7.8 


7.5 




32 C 


342 


36 


2 


11.1 


10.5 




34 C 


342 


38 


3 


12.0 


11.1 




Total 27 C 


1544 


55 


2 


3.7 


3.6 




30 C 


1545 


108 


7 


7.4 


6.7 




32 C 


1529 


106 


6 


7.3 


6.9 




34 C 


1534 


129 


13 


9.3 


8.4 



[0 1 02] EXAMPLE 9 

[0 1 03] Detection of GFP expression 

[0104] inoculated immature embryos, callus tissue developed 

from the embryos, and regenerated shoots were examined 
periodically under a Leica MZ80 dissecting microscope 
equipped with a filter set (HQ480/40 excitation, 
HQ535/50 emission and Q505LP dichroic mirror), espe- 
cially at one day after inoculation and the end of each se- 
lection and regeneration phases. All the R0 plants were 



also examined for the GFP expression before being moved 
to soil. 

[01 05] Seed set and transgene segregation in Rl generation: 

[0106] immature ears of some of the R0 plants from NPTII selec- 
tion were harvested at different times after pollination. 
The immature embryos from all or some of the kernels 
were isolated and cultured on MSOD medium supple- 
mented with 200 mg/L paromomycin. The embryos were 
examined under the fluorescence microscope to deter- 
mine the number of embryos with GFP expression. In ap- 
proximately 7 to 10 days, the number of embryos germi- 
nated to seedlings was also determined. 



